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BAYESIAN PROBABILITIES FOR OCCURRENCE OF LARGE EARTHQUAKES IN 
THE SEISMOGENIC SOURCES OF JAPAN AND PHILLIPINE 
DURING THE PERIOD 1998-2017 
T.M. TSAPANOS1, O.CH. GALANIS1, S.D. MAVRIDOu', AND M.P. HELMl' 
ABSTRACT 
The Bayesian statistics is adopted in 11 seismic sources of Japan and 14 of Philippine in order to estimate 
the probabilities of occurrence of large future earthquakes, assuming that earthquakes occurrence follows the 
Poisson distribution. The Bayesian approach applied represents the probability that a certain cut-off magnitude 
(or larger) will exceed in a given time interval of 20 years, that is 1998-2017. This cut-off magnitude is chosen the 
one with M=7.0 or greater. In this case we can consider these obtained probabilities as a seismic hazard presen­
tation. More over curves are produced which present the fluctuation of the seismic hazard between these seismic 
sources. These graphs of varying probability are useful either for engineering or other practical purposes. 
ΣΥΝΟΨΗ 
Στην μελέτη αυτή γίνεται χρήση της στατιστικής Bayes με σκοπό την εκτίμηση των πιθανοτήτων γένεσης 
μελλοντικών μεγάλων σεισμών, υιοθετώντας την υπόθεση ότι οι σεισμοί ακολουθούν κατανομή Poisson. Η 
μέθοδος που χρησιμοποιείται εκτιμά την πιθανότητα υπέρβασης σεισμών με καθορισμένο κατώφλι μεγέθους 
σε χρονικό διάστημα 20 ετών, δηλ. 1998-2017. Αυτό το κατώφλι επιλέγει να είναι το μέγεθος μεγαλύτερο ή ίσο 
του Μ=7.0. Οι πιθανότητες που εκτιμήθηκαν με τον τρόπο αυτό μπορεί να θεωρηθούν ότι παρουσιάζουν την 
σεισμικότητα. Στην συνέχεια με τα αποτελέσματα αυτά χαράσσονται γραμμές (καμπύλες) που παρουσιάζουν 
την διακύμανση της σεισμικότητας μεταξύ των σεισμογενών πηγών των περιοχών της Ιαπωνίας και των 
Φιλιππίνων. Οι γραφικές αυτές παραστάσεις, όπου εμφανίζεται η μεταβαλλόμενη σεισμικότητα είναι πολλαπλά 
χρήσιμες τόσο για θεωρητικούς όσο και για πρακτικούς σκοπούς. 
KEY WORDS: Bayesian probability, occurrence of earthquakes, seismic hazard curves, Japan, Phillipine. 
INTRODUCTION AND DATA USED 
Assuming the Poisson model Benjamin (1968) was the first who dealing with Baysian distribution for inves­
tigating the problem of earthquake occurrence. Mortgat and Shah (1979) presented a Bayesian model, for seis­
mic hazard mapping, taking into account the geometry of the faults in the investigated area. Later Campbell 
(1982; 1983) suggested a Bayesian extreme value distribution of earthquake occurrence to asses the seismic 
hazard along San Jacinto fault. A probabilistic prediction of strong earthquakes in the main fracture zones of 
Greece is suggested by Stavrakakis and Tselentis (1987). They presented a seismic hazard curve which depicted 
the expected year of earthquake occurrence with Mj>5.5 in the main fracture zones of Greece. The assessment 
of earthquake hazard parameters in Greece was presented by Papadopoulos and Kijko (1991), while recently 
Tsapanos (2000)estimated the seismic hazard parameters for various seismic regions in the circum-Pacific belt. 
The main source for the present study is the catalogue compiled by Tsapanos et al. (1990). This catalogue is 
updated in order by taking into account the information up to 1997 from the bulletins of I.S.C. This final cata­
logue is modified by considering the magnitudes given by Pacheco and Sykes (1992). The seismic areas of Japan 
and Philippine are divided in seismogenic sources (Papazachos et. al., 1997)and we applied the method on these 
pre-defined seismogenic sources, although slightly modifications are considered. 
METHOD ESTIMATION OF THE PROBABILITIES 
The applied method is based on the assumption of a Poisson distribution for the number of events n, that 
occur in a time interval t. The probability function of the Poisson distribution is: 
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P(n,t\X)=(Xt)nJ Xt (1) 
where the positive parameter 1 is the mean rate of earthquake occurrence. 
Suppose that, in a given source, nQ events occur and the time length of the catalogue is t years. The likeli­
hood function is: 
L(X) = P(n0,t0\X)=^o)y ( 2 ) 
n 0 ! 
It is well known that likelihood is the probability of the specific outcome to occur, that is the probability for 
exactly nQ earthquakes to occur in t years covered by the catalogue, as a function of the mean rate of occurrence 
of events. We can also assume that the prior distribution 1, j '(l)is uniform. This is equivalent to stating that the 
mean rate of occurrence can have any value, as long as it is not negative, with the same probability. From the 
Bayesian theory its posterior distribution will be: 
f"(X) = cf'(X)L(X) (3) 
where c is a constant such that the resulting function can be a probability density function, that is: 
+°° 
jf"(X)dX = l
 ( 4 ) 
ο 
Because j '(1) is independent of 1, the factor k=cf(l) of equation (3) is constant, and the equation (4) is 
rewritten as: 
f"(X) = kL(X) = k(Xto)n°' t0
 ( 5 ) 
η 
"•ο · 
This expression is normalized for k=t0. Lets now consider that the posterior probability of η events occurring 
in t years. This will be the probability P(n,t\\) weighted in respect to the posterior distribution of 1: 
(Xt)ne-Xt t0(Xt0)n°e~Xt« / > ^ ) = | / > ( η , Λ λ ) / · χ λ ) ^ = / ^ ^ 
yields by Benjamin (1 
n + n0)l (t/t0)n 
ο ο 
Integration 968): 
(6) 
P"(n,t) = 
nln0l (l + t/t0)n+n°+l 
(7) 
The posterior probability of no events occurring in t years, comes from eqn.(7): 
P(0,t) = (l + t/tQyn°~l (8) 
So we derived that the probability of exceedance of a given magnitude, that is the probability of at least one 
event occurring in t years is: 
P(0,t) = l-(l + t/t
o
yn°~l (9) 
which is the equation used to estimate the probabilities of exceedance of the magnitude 7.0 for the seismogenic 
sources of Japan and Philippine and for the next 20 years. 
RESULTS OF ANALYSIS 
It is well known that both examined areas (Japan and Philippine) considered as seismically active regions. 
Tsapanos and Burton (1991) ranked, Japan and Philippine, according to their seismic hazard in the first and the 
third place, respectively among fifty most active countries of the world. 
A probabilistic analysis was carried out (Papaioannou, et al., 1993)in order to predict the probabilities of 
large future earthquakes in selected seismic zones of the world. This was based on the time dependent seismicity 
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model and the results showed that both examined regions exhibited very high probability of occurrence of great 
earthquakes with M_>8.0 during the time period 1986-2006. Those very high probabilities were interpreted in 
terms of the dimensions of the considered seismic zones. 
Now we dealt with seismogenic sources which are clearly much smaller in comparison with the whole seis­
mic zones of Japan and Philippine. In Figure (l)the seismogenic sources and the earthquakes considered for the 
present study of: a)Japan and b)Philippine, are depicted. In Table (1) the name of the seismogenic sources, the 
number of mainshocks, η , with magnitude M>7.0, the length of the catalogue used tQ, and the exceedance 
probability Prob for an earthquake occurrence with M>7.0 in next 20 years (1998-2017) are listed. The time 
span of 20 years is adopted on the basis that probability computations are often more constant than they are for 
shorter time intervals. A first inspection in Table (1) reveals that the method is dependent on the number of 
events that generated in the past. This is because the prior distribution of the parameter 1 is uniform and conse­
quently the posterior distribution dependents on the number of the observed earthquakes. 
Table 1. The probabilities of exceedance of large earthquakes occurrence for magnitudes M>7.0 in Japan and 
Philippine during the time period 1998-2017. The probability estimators are multiplied by 100. 
seismogenic source 
Japan 1 
Japan 2 
Japan 3 
Japan 4 
Japan 5 
Japan 6 
Japan 7 
Japan 8 
Japan 9 
Japan 10 
Japan 11 
Japan 12 
Philippine 1 
Philippine 2 
Philippine 3 
Philippine 4 
Philippine 5 
Philippine 6 
Philippine 7 
Philippine 8 
Philippine 9 
Philippine 10 
Philippine 11 
Philippine 12 
Philippine 13 
Philippine 14 
n, 
4 
2 
22 
7 
6 
4 
6 
2 
6 
6 
4 
4 
2 
2 
2 
19 
1 
5 
8 
8 
8 
11 
7 
13 
2 
8 
k 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
103 
ProW%i 
58.8 
41.3 
98.3 
75.8 
71.1 
58.8 
71.1 
41.3 
71.1 
71.0 
58.8 
58.8 
41.3 
41.3 
41.3 
97.1 
29.9 
65.5 
79.8 
79.8 
79.8 
88.1 
75.8 
92.7 
41.3 
79.8 
We observe (Table 1) that the largest probability (98%)is estimated for the 3rd seismogenic source of Japan. 
All the other sources show probabilities of occurrence less than or equal to 75%. We also observe that 3 
seismogenic sources of Philippine show very high probabilities of occurrence of great earthquakes during the 
time period 1998-2017. These are the sources 4 (97%), 10 (88%) and 12 (92%). Next we apply the time depend­
ent seismicity model in order to check the validity of the data obtained through Bayes statistics. For computing 
the probability, P, that the repeat time Τ of an earthquake of certain magnitude interval will occur in a seismogenic 
source during the next Dt years, conditional to the t years that have elapsed since the last earthquake of this 
magnitude in this source we applied the following formula: 
/•ί+Δί 
n(t)dt 
P(t<T<t + At/T>t) = Jt 
pi(t)dt 
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Fig. 1. The seismogenic sources and the 
1Q. epicenters of the shallow earthquakes 
(h<60km) with the magnitude Ms=7.0 in the 
areas of japan and Philippine. 
115" 120' 125' 130* 135' 140' 145' 150" 
if we assume that the Gaussian distribution of repeat times is the appropriate one and is given through the 
equation: 
n(t) = 1 
GJÎK exp 
t-T„ 
(11) 
where s is the standard deviation (Nishenko,1985; Papazachos, et al.,1987). The uncertainties of estimates 
play a key role to the procedure and we have to give proper attention to their determination. 
So the probabilities based on the time dependent model are estimated equal to 98.5% for the seismogenic 
source 3 of Japan, while for the seismogenic sources 4,10 and 12 of Philippine we obtained probabilities equal to 
99.8% and 100% (both sources 10 and 12), respectively. These results show a great accordance to those obtained 
through Bayes approach. The lowest probability (29.9%) for all the examined sources is estimated for the 
seismogenic source 5 of Philippine. We divided the seismogenic sources in 4 categories. In those having very 
high probability values (j>80%), in those of high probability (>60% and <79%), in those of medium probability 
(>40% and <59%) and those of low probability (<39%). In Figure (2)we present a probabilistic map based on 
the above division. It is presents the probability that a certain source will be the place of a future earthquake with 
M>7.0 during the time period 1998-2017. 
The geographical distribution of the obtained Bayes probabilities are illustrated in Figure 3 (a and b). This 
is dine by plotting the probabilities of exceedance as a function of the source number for Japan (fig. 3a) and 
Philippine (fig. 3b)for the time period of 20 years. This can consider as a hazard curve and is very useful because 
identify sources of special interest of earthquake occurrence. 
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DISCUSSION AND CONCLUSIONS 
Japan and Philippine are two areas of high seismicity and often both experienced of catastrophic earth-
quakes. For this reason the Bayesian probabilities for occurrence of large earthquakes (with M>7.0)in the 
seismogenic sources of these areas during the time period 1998-2017 are estimated. The time span of 20 years is 
adopted on the basis that probability computations are often more constant than they are for shorter time 
intervals. Very high probabilities (>_80%)are estimated for the seismogenic sources of Japan (3), as well as of 
Philippine (4,10 and 12). The probabilities for these sources of special interest are also computed by the applica-
tion of the time dependent model of seismicity, which is based on the time lapse since the last earthquake of this 
magnitude (Mj>7.0). The obtained results are in very good agreement with the ones computed by Bayes statis-
tics which is a rather Poissonian approach. We have to give special interest in the results of seismogenic source 
4 of Philippine. Both Bayes statistics and the time dependent model show very high probabilities, 97.1% and 
99.8%, respectively for earthquake occurrence (Mj>7.0) during the time span 1998-2017, given that the year of 
the last occurrence of such earthquake magnitude was in 1986. The mean repeat time is estimated about 11 
years. During September 1999 a catastrophic event with magnitude Ms=7.4 (N.E.I.C.-bulletins) occurred within 
this source. So we can conclude that our results are reliable and came true by the genesis of this earthquake. A 
map with well defined zones of probabilities for great earthquake occurrence in Japan and Philippine sources 
during 1998-2017 is given. 
We also present hazard curves as a function of the Bayes probabilities of the examined seismogenic sources. 
This plot gives the ability of direct comparisons, in which source the hazard is higher or lesser during the time 
period 1998-2017. This lead to the conclusion that these plots of varying probability are very useful allowing the 
designation of priority sources for earthquake-resistant design. 
115' 120- 125' 130" 135- 145' 150' 
Fig. 2. Probability map of the occurrence of 
shallow earthquakes with Ms37.0 during the 
period 1998-2017 in the areas of Japan and 
Philippine. Four probability intervals are 
considered. Black arrows indicate the 
epicenters of the earthquakes a) Ms=7.6 
which occurred in September of 1999 in 
Taiwan (Philippine-source 4) and the 
probability of this source is estimated 97.1% 
through Bayes statistics and 98.5 by the time-
dependent model; and b) Ms=6.5 which 
occurred in March of 2001 in Japan (source 
7). The probability for this source is estimated 
71.1% by Bayes statistics, while the time-
dependent model yields 80.5%. 
115* 120' 125' 130' 135' 140' 145' 150' 
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Probability of occurrence of M>7.0 in 20 years 
Japan 1 Japan 2 Japan 3 Japan 4 Japans Japan 6 Japan 7 Japan 8 Japan 9/10 Japan 11 Japan 12 
Probability of occurrence of M>7.0 in 20 years 
Fig. 3. Geographical distribution of probability ofexcedance of magnitude 7.0 in: a) japan and b) Philippine. 
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